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A B S T R A C T Objective
To evaluate the relationship between ultra-processed food consumption and obesity indicators in adolescents.
Methods
Cross-sectional study with a convenience sample of 200 10-to 18-year-old adolescents from Campinas, São Paulo (SP). Usual dietary intake was determined through a semiquantitative food frequency questionnaire. Daily intake of each food was obtained from the intake frequency. Subsequently, foods were classifi ed as raw and minimally processed, cooking ingredients or ultra-processed foods, and their caloric contribution to the total energy value was calculated. Sociodemographic and anthropometric variables were also investigated. Overweight was defi ned as Z-score>+1 and obesity was defi ned as Z-score>+2 according to the Body Mass Index per age group. The associations were tested by chi-square test and linear trend.
Results
The frequency of obesity was 47.0%, and 21.5% presented increased waist circumference. The average energy intake was 4,176kcal/day, of which 50.6% was derived from ultra-processed foods. The categories with the highest caloric contributions among ultra-processed foods were industrial loaves/cakes (16.2%), sweets and candy (6.2%), pastas (6.0%) and sweetened drinks (5.1%). No association was found between ultra-processed food consumption and anthropometric indicators.
Conclusion
The significant contribution of ultra-processed foods to daily calories is evidence of a poor diet of this population of young people, although this has not been shown as a factor associated with excess weight. Therefore, there is an urgent need for public policies that discourage the consumption of these products and encourage the return to a traditional diet.
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R E S U M O
Objetivo
Avaliar a relação entre o consumo de alimentos ultraprocessados e indicadores de obesidade em adolescentes.
Métodos
Estudo transversal com amostra de conveniência de 200 adolescentes de 10 a 18 anos, de Campinas (SP)
.
I N T R O D U C T I O N
Overweight and obesity have reached disturbing levels in Brazil in recent years. Among adolescents, overweight affects one in three young people according to the latest Family Budget Survey 2008-9 [1] .
The increase in obesity in the population has occurred in parallel with changes in the global food system, which currently makes available a wide variety of ready-to-eat foods and beverages, known as ultra-processed foods. These foods are often low in fiber and protein, and high in sodium, fats and sugars [2, 3] . In addition, their high palatability, which is associated with their convenience and aggressive advertising, are factors that have stimulated their consumption [3] .
In Brazil, a study in a representative sample of adolescents and adults revealed a positive association between ultra-processed food and beverage consumption and obesity [4] . Similar results were found in a study in an adult American population [5] . In Latin America, research performed in 15 countries revealed an association between the purchase of ultra-processed foods and weight gain in 12 countries [6] .
Prospective cohort studies also identified an association between the consumption of ultra-processed foods and dyslipidemia [7] , hypertension [8] and cancer [9] .
Recently, a prospective study conducted in adults in France revealed that an increase in ultra-processed food consumption was associated with an increased risk of overall mortality among this population [10] .
Considering the finding discussed above and that most published studies prioritize adult populations, the objective of this study was to evaluate the relationship between ultra-processed food consumption and obesity indicators in adolescents.
M E T H O D S Population and study location
This was a cross-sectional study performed in 10-to 18-year-old adolescents of both sexes who attended a Non-Governmental Organization (NGO) in the city of Campinas (SP). This NGO aims to develop activities with children, adolescents and families and helps prevent social risk and violation of rights scenarios, which promotes the integral development and strength of family and community ties.
A population of 526 10-to 18-year-old adolescents registered for this project was considered in the sample size calculation, considering its three units (Unit I=171, Unit II=205 and Unit III=150). A 21% prevalence of excess weight was found in a study with a similar population to this one [11] , and a Type I error of 5% and a Type II error of 10% were considered, which amounts to a minimum sample of 172 adolescents as representative of the study population. Considering the possible losses due to refusal to participate in the study, the consent form was given to all adolescents attending (N=526), and only 210 adolescents returned the form signed by their parents/guardians. However, 10 adolescents were not found in the units on the days of data collection and therefore did not participate in the study, which resulted in a final sample of 200 adolescents. This study was approved by the ethics committee of the Pontifícia Unviersidade Católica de Campinas (PUC-Campinas, Pontifical Catholic University of Campinas) under the opinion No.1,130.649.
Food intake
Usual food intake was evaluated by a semiquantitative Simplified Food Frequency Questionnaire for Adolescents (SFFQA) validated for energy and nutrients [12] . The SFFQA comprises 58 foods with their average portions and evaluates intake in the last three months. This tool has seven frequency categories that range from never to two or more times/day. The portions presented in the SFFQA represent the average intake, in grams, of each food. Daily intake frequency and the daily intake of each food in grams (daily frequency x average portion of the food in grams) were calculated from the frequency reported for each food. Daily calories from each food were obtained by multiplying the daily amount consumed (in grams) by the average portion of calories (previously known), divided by the average portion (in grams). The caloric contribution of each of the studied groups was determined according to the sum of the calories of each food that composed the group. The daily Total Energy Intake (TEI) was obtained from the sum of the calories of each consumed food. Total calorie values <500kcal and ≥7500kcal/day were considered outliers.
Food classification according to the degree of processing
The 58 foods were divided into three main groups based on the four groups proposed by the NOVA classification, which considers processing extent and purpose [13] . The first group consisted of "raw and minimally processed foods", which are those that have not undergone any changes since they were extracted from nature (raw) or those that have undergone processes such as those for the removal of inedible or undesirable parts of the food, drying, grinding or milling and pasteurization, among others (minimally processed). The second category was "processed cooking ingredients", which includes substances extracted directly from foods from the first group or nature and consumed as cooking ingredients. The third group consisted of "ultra-processed foods", which includes industrial formulations typically composed of five or more ingredients; these include substances and additives used in the manufacture of processed foods such as sugar, oils, fats and salt, as well as antioxidants, stabilizers and preservatives. In the SFFQA used, no food item could be classified in the category "processed foods" as proposed by NOVA.
For each group, the caloric contribution (%) was calculated in relation to the daily TEI.
Indicators of nutritional status
Weight was measured using a Balmak ® (Santa Barbara d'Oeste, Brazil) portable electronic scale with a precision of 50g, and height was measured using an Alturexata ® (São Paulo, Brazil) stadiometer with a precision of 1mm. Anthropometric measurements were performed by trained researchers using standardized techniques [14] . Waist Circumference (WC) was taken at the waist line at the midpoint between the last rib and the iliac crest using a TBW ® (São Paulo, Brazil) inelastic tape measure.
Adolescents' nutritional status was classified according to the World Health Organization BMI using age reference curves [15] . The following were the cutoff points used for classification: Z-score≥-2 and Z-score≤+1 for normal weight; Z-score>+1 and Z-score≤+2 for overweight; and Z-score>+2 for obesity.
Abdominal obesity was evaluated by the Waist-to-Hip Ratio (WHR). The criteria recommended by Li et al. [16] was used to assess the WHR, and a value ≥0.5 was used as the cutoff point to define abdominal obesity. All anthropometric measures were duplicated using the mean value.
Covariates: Sex, age, race, economic condition and physical activity Information on age, sex, race/ethnicity, socioeconomic condition and physical activity was obtained during interviews. The socioeconomic classification was based on the Associação Brasileira de Empresas de Pesquisas (Brazilian Survey Companies Association) criteria [17] , which accounts for the presence and quantity of household items such as TV, radios, washing machines, computers, cars, and number of bathrooms, among others, and the education level of the head of the family. This instrument allows the classification of the population into classes A1, A2, B1, B2, C1, C2, D and E, in descending order of purchasing power.
Regular physical activity was assessed by a validated questionnaire for adolescents [18] that includes physical activities during leisure time in the last 12 months. The average weekly time (in minutes) that some physical activity was performed was calculated from this information. Adolescents were classified as "under-active" or "active" based on the weekly 300-minutes cutoff established by the United Kingdom Expert Consensus Group [19] .
Statistical analysis
Descriptive statistics (Means and Standard Error) were calculated and the frequencies were estimated for the main anthropometric and consumption indicators. Chi-square and linear trend tests were used to evaluate the association between ultra-processed food consumption quartiles (% of TEI) and socio-demographic variables and anthropometric indicators. ANOVA was used to evaluate the differences in Body Mass Index (BMI) by quartiles of ultra-processed food consumption. Statistical analyses were performed using Stata (Stata Corporation, College Station, Texas, United States) version 12.0, and the level of significance was set at 5%.
R E S U L T S
Most adolescents (56.0%) were female, 10 to 14 years of age (88.5%), self-declared brown (42.0%) and belonged to class C2 (46.2%) ( Table 1 ). Almost half of the adolescents (47.0%) were obese, and 21.5% presented with cardiovascular risk and increased waist circumference. Physical activity was insufficient in more than 90.0% of the interviewees. The average energy intake was 4,176kcal/day, and ultra-processed food consumption contributed 50.6% of the total calories consumed, while minimally processed foods accounted for 46.7% (Table 2) . On average, grains (rice and corn) and beans accounted for more than 1/4 of the calories eaten. Fruits (5.6%) and milk (4.0%) also had a substantial contribution to the minimally processed foods group. Among ultra-processed foods, the categories with the highest caloric contributions were industrial breads (16.2%), sweets and candies (6.2%), pasta (6.0%) and sweetened beverages (5.1%) ( Table 2 ).
The contribution of ultra-processed foods to the total ingested calories averaged 32.9% in the first quartile and 68.3% in the last quartile (data not shown in the table). When analyzing the relationship among socio-demographic variables, anthropometric indicators and physical activity and the contribution of ultra-processed foods to total caloric intake by quartiles, only socioeconomic status showed a positive and significant association with ultra-processed food consumption (Table 3) . Although no significant association was found between the contribution of ultra-processed foods in the diet and anthropometric indicators and the mean BMI was not significantly different for the different intake quartiles, a higher prevalence of overweight, obesity and abdominal obesity was observed in the first quartile (Table 4) . 
D I S C U S S I O N
Ultra-processed foods accounted for the largest portion of food consumed by adolescents, and a larger share was contributed by processed breads, cakes and sweets, pasta and sweetened beverages. Higher consumption of these foods in the higher income classes was observed. Although no significant association was found between ultra-processed food consumption and obesity, a high prevalence of excess weight (overweight+obese) was observed in adolescents.
Ultra-processed foods are typically prepared with refined ingredients, fats, salt and sugars with high energy density, high glycemic load and high palatability. These foods also contain large amounts of chemical additives and have low protein and fiber content. In addition, because they are marketed frequently and aggressively, they may influence the development of eating habits [20] .
According to the Pan American Health Organization (PAHO) and World Cancer Research Fund International, ultra-processed foods -especially sweetened beverages, fast food and snacks with high energy density -, are the main factors related to obesity, diabetes, cardiovascular diseases and various cancers [6] . A population study conducted in Canada also showed that diets that contain large quantities of these foods do not meet the recommendations of the World Health Organization (WHO) and others for the prevention and control of obesity and chronic non-transmissible diseases [3] .
In Brazil, the last National School Health Survey in 2015 [21] revealed an increased consumption of ultra-processed foods, such as sausages, cookies, biscuits and soft drinks and a decreased consumption of raw and minimally processed foods such as fruits, vegetables, beans and milk; these behaviors contribute to weight gain, metabolic changes and micronutrient deficiency [21, 22] .
The higher contribution of ultra-processed foods (50.6%) to total calories found in the present study is in agreement with the findings of other national and international studies, both in adult populations and in younger populations [23] . In a survey performed in a municipality in southern Brazil, ultra-processed foods contributed 49.0% of the total calories ingested by adolescents [24] . Similar results were found in Canada (51.2%) [3] , the United States (57.9%) [25] and the United Kingdom (50.4%) [26] , where diets also contained predominantly ultra-processed foods.
The lack of an association between ultra-processed food consumption and obesity in adolescents observed in the present study is different from other studies that also investigated the same relationship [4] [5] [6] 24] . A study of a representative sample of Brazilian adolescents and adults [4] identified a relationship between ultra-processed food consumption and obesity. It is likely that the findings of the present study were divergent due to the limited sample type and size.
Another notable result is the high prevalence of obesity (47.0%) found among adolescents, which was higher than in other studies with similar populations. A population survey conducted in the same municipality in the interior of São Paulo showed that 35.0% of students were overweight, while 12.0% were obese [27] . A meta-analysis involving 21 studies and a sample of 18,463 Brazilian children and adolescents found a prevalence of obesity of 14.1% [28] .
This discrepancy in the prevalence of obesity compared with other studies may be related to the unique characteristics of the studied sample. Other research has shown an association between low socioeconomic status and increased risk of obesity [29, 30] . This is probably due to the presence of food insecurity and food choices in low-income households, in which foods of low nutritional value and high energy density are predominant.
In the present study, higher income was associated with a higher contribution of ultraprocessed foods in the diets of adolescents, which contradicts the evidence presented in other studies and reveals a negative association between income and the contribution of ultra-processed foods to the diet [24, 31] . It is possible that such a discrepancy is due to the homogeneity of the studied sample, which consists predominantly of low-income youth.
Food choices are known to be determined not only by physiological needs but also by the influence of environmental factors such as food quality, availability, accessibility, convenience, advertising and price. In this context, the replacement of raw and minimally processed foods by ultra-processed foods becomes widely favored. With regard to price, raw or minimally processed foods such as milk, meat, vegetables and fruits tend to be more expensive than ultra-processed foods produced by industry on a large scale. Thus, purchasing food that is considered healthy is more frequent in families with higher incomes than in families with lower purchasing power [32] .
According to PAHO surveys in 2013 [6] , in countries that sell less ultra-processed food and where traditional food is still prevalent, as in Peru and Bolivia, the average BMI of the population is lower, whereas in countries that sell more ultra-processed food, as in Chile and Mexico, the BMI tends to be higher. Ultra-processed foods can be considered the main vectors for sugar, salt and fats in the diet. Their production, commercialization and aggressive advertising are subject to setbacks from regulatory actions aimed at the food industry. Likewise, production incentives and greater accessibility to healthy foods should be the target of public policies that include support and protection of family farming [6] .
One limitation of this study is the sample size of 200 adolescents, which may have contributed to the statistical non-association between ultra-processed consumption and obesity due to the low power of the statistical test. The tool used to evaluate food intake (SFFQA) and the interviewee's memory bias may also have contributed to an overestimation of consumption because the SFFQA evaluated food consumption during the three months preceding the survey. Finally, as this is a convenience sample, where a specific population has been included, the results should be interpreted with caution.
C O N C L U S I O N
The substantial contribution of ultra-processed foods to total calories shows the poor quality of young people's diets, although this poor quality has not been shown to be associated with overweight and obesity. Most adolescents showed excess weight, and ultra-processed food consumption was higher among those from families with a higher income. Considering these results, the urgent need for public policies that discourage the consumption of these products and intervene in their production, commercialization and advertising may be warranted. On the contrary, establishing policies that incentivize and promote a return to traditional diets is fundamental.
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